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REGULATIONS

Team: The project has to be done by groups of exactharnprs. Each one of the partners
may receive different grades from the project phase

Submission: At each phase, each group will submit only one ycopsing
cow.ceng.metu.edu.tr.

L ate Submission: Late submission is alloweahly for one day with a penalty of 20 points.

Cheating: In case of cheating, all parts involved (souraarés) and receiver team(s)) will
get zero.

Updates: The information contained in this document is sabje change.
Newsgroup: You must follow the newsgrougor discussions and possible updates.
Programming Language: C or C++

Libraries: OpenGL, GLUT, GLUI (optional), Object3DS (A simpldds Loader, see
Appendix, part a)

Environment: Linux




GENERAL PROJECT DESCRIPTION

In this project you will implement an editor andasic animation tool for management of a
train. Mainly, in the project, there will be a maon a railroad which is already defined by
many rail tracks in a simple environment.

The project is composed of three separate phasekian you will implement respectively in
2D, in 3D and in 3D with advanced techniques. Tusument explains the specifications of
the project in detail and unless otherwise staaiddthose specifications are compulsory for
each group.

The main idea of the project is to create an adplsttrain simulation. There are many
advanced examples of this idea in the market ofegamhose examples are given in the
below figures (respectively from Iron Horses, M®odt Train Simulator, AIT Trains). These

advanced examples and most of the figures in thaumhent are not given as a restrictive
specification on what you have to do, but just teate an imagination of what could be
achieved.
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RECITATIONS

In order to give more details and some guidancéherspecifications, to clarify the existing
specifications and to answer your questions, faxhephase there will be a recitation.
Participating in these recitations will ease yowrkvon the project. We advise all of you to
attend these recitations, but it isnast that at least one person from each project tetends
the recitation. You will be responsible from evéigg covered in these recitations.

SUBMISSION DETAILS

For each phase, you will submit a file named phasegz (e.g. phasel.tar.gz). This
submission packagaust include the following:

All of your sour ce codes
An appropriatenakefile (which creates an executable named as phasephasel)

All necessary files for additionaibraries; as an example, if you use GLUI for the
project, your submission package must include lglaind libglui.a.

4. One screenshot named as phasex.jpg (e.g. phasel.jpg); chooseeanstot which
reflects nearly all implemented capabilities of tekted phase.

Saved scenarios (optional); this may be helpfuldmonstrations

Phase report; a single text file named as readme.txt. A tengpiatd a sample phase
report will be provided. The format of the readmiei$ as follows (you have to obey
this strictly):

= Asingle line for names and IDs of project members

= A single short paragraph presenting some genei@nration about your project,
your status at the current phase or anything simda can think of.

= A list of current functionalities of your projeceach functionality will be
presented at a single line with its user interactezhniques:

<User interaction techniques> : <Short descriptibthe functionality>

We will also provide a simple script which w
will use in evaluating your projects. Ydave
to try that script with your submission packag
before submission.

DEMONSTRATIONS

For each phase, you will make a demonstrat
to your assistants.

Cengd77
Demonstrations

* The demonstration will take place in a lint
environment (the assistant’s computer or
case of a problem one of the computers from
department’s laboratory), no other choice is pdssie advise you to be sure that you
try your project in department laboratories befaeh submission.

» Each team member must attend the demonstrations.

* For the demonstrations, you may include a saveabstein your submission package and
load it to present some of your capabilities. (ampeil)

* The demonstration schedule will be arranged aftemsssions of each phase.



SOME GENERAL ISSUESABOUT THE PROJECT

For all three phases of the project, you have tsicer the following common specifications:

Save & Load Functionality: At each phase, you have to provide the functiopatitsave
and load the current design and sometimes the rdustates in your project. You will
need to store two files; one for the railroad dé&bn (railroad.txt) and one for the other
data (any name you wish). We are providing you adatory file format to define the
railroad. However, you are free on the file forniat the other data to be saved and
loaded. [Hint]: In general, you have to be careful on your datactire choices and
consider all phases with all functionalities.)

Preserving Previous Phases. Beginning with the second phase, you have a remeine

to preserve the functionalities and the views ftbmprevious phases. For example, when
you finish second phase, designing in 2D and tleta@ 2D view must still be available.
You can supply this by using a mode change, usinigpte windows or sub-windows.

Logging for Debug Purposes: As you have already experienced in your warmup
homework, for graphics applications logging (in ian@e definition printing some
messages) is a critical issue and event logs elgnylou to debug your codes more easily.
In the project, you are expected to log some evantsyou are expected to decide the
events that you will log.

General User Interface and Interaction: Unless otherwise stated, you are free to choose
the type of user interaction and the related usterface elements for each functionality.
However don’t forget that user interaction is dical issue and your design at this point is
important for the project.

GLUI (optional): You can use GLUI in your project for managing useterface
elements and user interaction. However, yoay have some difficulties due to some
unresolved bugs in GLUI. Therefore, you may alsefgar not using GLUI and you may
cover user interaction requirements by alternatvegs (an example is using a keyboard
key or a GLUT menu instead of a GLUI button).

Some General Graphics Issues. The following are some examples of what you can
easily implement to make your project better by mseaf displayed graphics and user
interaction:

= Filter (display & hide) certain elements in the momment, this is totally similar to
what you have already done as toggling in the warhmmework. (e.g. display &
hide railroad tracks in the environment)

= Use different colors/coloring to make things anel pinocess more understandable.
(e.g. different colors for a selected and an umseteelement, etc.)

= Display some labels to aid the user at any step {¢hen a new element is added
to the environment display its coordinates, etc.)

Note: All of the above specifications will also be catesied in grading your projects.



PHASE 1: The Rookie Machinist (Due Date: 29.11.2007)

In The Rookie Machinist phase, you will implemertet2D
capabilities of the project. From a bird’s eye vigwwu will create an
environment, design a railroad, locate a train snode the train on

the railroad.

The following specifications must be implementedTine Rookie
Machinist Phase of your project:

 The 2D part of your project will be composed of twain

modes:

* The user can switch between these two modes.

The first mode is the editor mode in which you c
change the environment, the railroad and the train.

The second mode is the basic animation mode inhwthie train will move by
following the railroad. At this mode, the user adrange the state of the railroad

switches, but editorial capabilities are not avaéa

* The editor mode is mainly composed of three maaugs of functionalities; environment

related, railroad related and train related.

* Environment related functionalities are mainly usedcreate an environment by using

three types of elements; buildings, tree and sligets.

Firstly, the user must be able to initiate a raittdoy selecting a point P on the
ground, and then add new tracks to the railroaé. firet track of the railroad will
be located on P and placed horizontally (aivith the horizontal axis).

An environment element (a building, a tree or @eitdight) can be added by

selecting a position on the ground.

In 2D, a building is represented by a blue rectaniglbeled ‘B’, a tree is
represented by a green triangle labeled ‘T’ andrees light is represented by a

small red rectangle labeled ‘L’.

An environment element can be selected and desdlect

A selected environment element can be deletedtarach

Street lights will be illuminated in the last phase

For the sake of simplicity, you can use a few bodd to create a station. Such a
composition does not have any functionality and yead not elaborate this much.
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» Railroad related functionalities are used to buijgl a railroad by using consecutive

railroad tracks and railroad switches.



There can be only one railroad in the environmBréinches are possible on this
railroad by using railroad switches, but unconngéct®mponents can not be
created.

Each railroad track is identical by means of tlimnensions. A track has a length
of L and a width of L/4. P1 is the middle pointla¢ left end of the track and P2 is
the middle point at the right end of the track. r2Zpresentation of a track is shown
in the above figure (P1, P2 and dimensions arengeillustrative purposes)

The track length, L, will be used as a general patar to define various
proportions for this project. You can choose anyeaf L, but if you want to deal
with integers always, you need L £f2r n>4.

A track can be selected and deselected.

A last track is a track on the railroad which ddebave any other tracks after it;
in other words no tracks have been added to it Bgd. There can be more than
one last track on a railroad, as there are switohdbe railroad.

The user will be able to add a new track to thatrend of a selected last track in
the railroad. By means of user interaction, thegss will be as follows:

1. A last track will be selected by a mouse click

2. The direction of the new track will be selectedthg user by a method that
you will find.

3. The new track with the chosen direction will be edido the right end of
the selected last track, at point P2. The seldastdrack and the new track
are now connected.

There are three possible directions for|
new track;

=

1. It can be at the same direction wi{®

the previous track (a)

2. It can turn left (counterclockwise
by 15 around an axis
perpendicular to the ground (b) T

b)

—

3. It can turn right (clockwise) by -5

157

around an axis perpendicular to tf
ground (c) /

If a track is a last track and it is selectg
then it can be deleted. Only last tracks d )

be deleted.

You should better represent each track by two ppiRll and P2 (mid points of
short edges at each end). You may need to storegpss(x and y coordinates) of
these two points for each track in your railroad.

A railroad switch connects one track to exactly tivacks. The switch is
represented as a square whose edges have L/4.length

The user can add a railroad switch to a right draltcack. When a switch is added
then the related track can be connected to twdgrakt this point, the user has to
add these two tracks before any other construciiotie railroad.

A switch is deleted if its preceding track is detet(To delete the preceding track,
the user must have already deleted both of thermmpsuacks)



- Orientation of a switch is dependent
on the ensuing tracks and its curren
state; it is oriented in the direction of
the current track to be followed.

~
~f
~f

(a)
- User must be able to change the state
of a switch by a middle mouse click

on the switch. A switch has exactly ]\HL\
two states; each state means that th

train will follow one of the ensuing
tracks. A sample is shown in the

(b)

figure on the right.

- The railroad can have closed curves, but it cao hsve dead ends (which are
actually last tracks) which have no connection tteep tracks. Branches can also
be connected to the railroad in an appropriatetipnsand make up a closed curve.

- In order to form closed curves, the user can deforeections. A connection can
only be defined if P2 of a track intersects with &f1the other track and angle
between these two tracks is 15, O or -15. Thesenamed as user-defined
connections. Remember that consecutive tracksoameected automatically.

- The railroad must be stored in a single file whesttends the idea of L-systems
and turtle graphics. Logic behind this idea, format details of this file is given
in Appendix, part b.

- For all railroad definition, you can assume therwsd always input appropriate
data. For example; the tracks will never interseaifches will not be very close
to each other, etc.

- Railroad always has only one direction for movengartich starts from the initial
position and direction), switches and connectiamsa@t violate this.

+ Train related functionalities are used to defirima on the railroad.
- There will be always one train on the railroad.

- A train is composed of one locomotive and many wagan general which are
called railroad cars.

W2
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- In 2D representations, each of the wagons anddbeniotive are identical by
means of shape and dimensions. They are a boxgthéV and width W/2. The
center of this box is used as the reference poinafl kinds of transformations
(e.g. translation, rotation) of this box.

- Wis dependentto L; W=L/2

- For two consecutive railroad cars, the distancevéen them is W/8 in normal
case; when both have the same orientation. In athsss, this value will be used
as an assumption of the distance on the tracks.

- Alocomotive will have label of ‘L’ on its box.



There are two kinds of wagons, passenger wagongieods wagons. Passenger
wagons have a label of ‘PW’ and goods wagons h@we’ ‘on their boxes.

Each railroad car can have a different color. FEsireess, you should better keep a
color state for railroad cars.

As stated a wagon can be passenger wagon and g@agus); you should better
keep a state for determining the type of the wagon.

Current color state and wagon type state needlinitilues and a simple method
for the user to change the states.

Current color state and wagon type state will bedushenever a new railroad car
is added to the train.

The user will be inserting the train; locomotivedaihe wagons, on the railroad
starting from the locomotive.

The user will select a track on the railroad tocpléhe locomotive. The center of
the locomotive will be located in the middle of thelected track and in the same
orientation with this selected track.

After locating the locomotive, the user will notesify locations for any other

wagons. Instead, new wagons will be inserted jfist #he last railroad car as the
user requests to add a wagon. Once more, takeatimunt the orientation of the
railroad track while you are placing the new wagand be sure they stay in the
railroad. (You can assume that the user will ngtter add a new wagon, if the
railroad ends after the last wagon)

The user can delete the last wagon in the train.
The user will be able to select and deselect tih@ad cars.

You must provide a simple grid, which you will digp on the ground, to help the user
understand the positioning of the objects. The oagst be able to select to view or hide
the grid.

In the basic animation mode, you will implement thevement of the train by following
the railroad.

Once the path and the train are inserted, thernagrswitch to the basic animation
mode.

The user has three main abilities on the animatidhis mode:

= Start the animation; the train will start moving thwe railroad

= Stop the animation; the train will stop and stajtsaplace

= Initiate the animation; the train will be relocatéal its initial position
(Initial position is the place of the train frometleditor mode)

During the animation, the user must be able to gkathe train's route on the
railroad by changing the states of the switches.

If the railroad ends at some point, the train widp there.
The train has to follow the next track for the udefined connections.

You will need an algorithm for the train to follothe railroad. You are free on
your decision, except some constraints:

= You must divide each railroad track to 32 piecesafuimation. Position of
the &' piece can be found as follows: (P1 and P2 are e@fbove in
tracks, P1_x represent x coordinate of P)



Position(s) = ((P2_x — P1_x)/32)*s, ((P2_y — P139)*s)
= You have to use a small frames per second valugreater than 16.

- You will be provided with the details of a samplgaaithm in the recitation. This
sample algorithm is easy to implement, so we renyiod attend the recitation
again.

We advise you to have a large window for this phasé smaller than 800*600 and not

larger than 1024*768. Anyway, such area may noefaugh for your environment and

railroad. So, you have to implement some kind mfirsy mechanism (slide the area that
the user can see in your environment by adjustivegdoordinate system). Choose an
integer k and perform the following with the givieeyboard commands:

- ‘a’: Move left by horizontally k coordinates
- 'd’ : Move right by horizontally k coordinates
- 'W’: Move up by vertically k coordinates

- 's’: Move down by vertically k coordinates

The below figure is an illustration of a possibtagshot for this phase. This is not a direct
example of what your program should do; howeves figure is given in order to give
you an idea of this phase.

Railroad definition: “tt+ttt-tt+t+t+t+t+t+t+t+Ht+tHet+HtetHtet-tH -ttt e



PHASE 2: The Veteran Machinist (Due Date: 18.12.2007)

In The Veteran Machinist Phase, you will enlarge world into the
3 dimension. For this purpose, you will be impleniegtsome 3D
capabilities of the project.

The following specifications must be implementedTihe Veteran
Machinist Phase of your project:

* As mentioned, the main goal in this phase is taeethe world in
3D. For this purpose, for everything in your enuiment you have
to provide a logical representation in 3D. Mainlg, logical
representation for an object in 3D can be achidwedatisfying
that the object has a decent height, the objecstim® components
for being realistic and the object has been situate realistic and reasonable manner.

- Samples for logical 3D representations for the naddjects of this project topic are
provided in this document at the end of Phase Zifipagtions. These images are
just samples of what you may provide, so you ae fo create your own designs
for these objects. However, in such designs yow tavnclude each of the listed
compulsory components. You are free to decide eir thumber and shape for
each object.

- Samples are not given for railroad related objéicts railroad tracks, switches).
For those, there are no compulsory components andage free in your designs.
The simplest design that is acceptable is justite geight to these objects (in
other words use rectangular prisms instead of mgtea).

- For each object you should better create the 3ihitleh and render it by using
OpenGL Display Lists.

» Starting from this phase, you will provide the udeee main views; 2D view of Phase 1,
perspective view and mobile camera view. The user ether switch between these three
views or view them at the same time by using midtiindows or sub-windows.
Examples of multiple windows and sub-windows akegiin the below figure.

» Changes that have been done in 2D view of Phasesi lme reflected to other views at the
same time.

» The first view is 2D view of Phase 1. As statedhe general issues title, you have to
preserve all the capabilities of Phase 1 in thiasph All of these capabilities will be
provided to the user in this view.



» The second view is the perspective view. Many ttiud$ are being used widely nowadays
provide different views from different perspectivees a common facility. In this project,
you will provide one perspective view from a higbsgion which will enable the user to
see nearly all the environment at one glance.

* The last view is mobile camera. For this purposay will implement basic camera
capabilities, so that we can wander in the enviremimYou are expected to implement all
of the following camera options:

- The camera has a fixed position with respect tottam. In other words, the
camera moves as the train moves. The critical geitihat the camera will also
follow the railroad like a virtual railroad car. g you must implement three main
places that it can be located at:

i. At the front of the train, looking forwards and pmsed at the front of
locomotive

ii. At the front of the train, looking backwards to ttnain and positioned W
distance in front of locomotive

iii. On one side (left or right) of the train, lookingleways to the fields and
positioned on a selected wagon (The user must baleeted a wagon in
2D view of Phase 1 before operating this cameraenod

- The camera is independent of the train and it sategl a walk-through on the
terrain. Think of this as if it is the eyes of argmn, which the user can move
around the environment using an interface thatwitluefine. The user can move
forward, move backward, turn left and turn righar Ehis purpose you have to
keep the camera at a constant height with respehbgetterrain. You should also be
able to rotate its view upwards-downwards.

* In this phase, the environment that you use wilal8D terrain instead of a planar surface.
You will create the terrain by using a height miapcontext of terrain rendering, a height
map is a raster image which stores elevation vaatesach pixel. Simply, each value
represents the elevation of a point in a 2D grig.uBing elevation data, the position of
each point is found and these points are triangdlti create the terrain.

* When you create a terrain, you may need to adjust gnvironment and objects in order
to situate your objects realistically on the terrarhe adjustment is sometimes just
changing the elevation value for the related objdotvever sometimes this adjustment is
a more complex operation like manipulating the smwinent. In this project, we classify
environment objects into two categories aboutidsse:

- Objects need simple adjustment: Buildings, TreggebLights
- Objects need complex adjustment: All train andoaill related objects



For placing all train and railroad related objeots the terrain; your approach will be
somehow excavating the terrain instead of adjustiteg positions of the objects. It is
known that all train and railroad related objects @n a path defined by the railroad. So as
a solution, it will be enough if you just manipuwatarts of the terrain that intersect with
the railroad. The manipulation is simple; you Wikt change the related elevation data to
ground value (i.e. assign 0). For better resutts, yeed a larger intersection area than just
the railroad’s width. For this purpose, we defirthd intersection area as given in the
below figure.

:3L/8

You can calculate coordinates of intersection a(easther words larger quads) by using
P1 and P2 definitions of railroad tracks. For equhd, two vertices are calculated from
P2 of previous track and the other two verticescateulated by P2 of current track.

You will be reading height maps from .ppm filesckdile will include 65*65 elevation
values that range between 0 and 255. The user mawst the ability to load and render
any height map defined in this format.

As 65*65 is not a high resolution, you will be snglthe height map to your environment.
In other words, one grid cell in the height mapl v covering a large area in your
environment. For this purpose, you need a scalgeyalamely k. You are free to choose
the value of k, but we advicexL.

In order to render the terrain, you need to cre@&eagles from the height map data. Each
grid cell in the height map should be representedo triangles. As we have a high k
value, our triangles will create a terrain whichlwe a bit rough by means of smoothness.

The intersection areas defined above will be oppitag with some grid cells in the height
map data. In order to find these grid cells, youl Wwe using an algorithm which is
effective and easy to implement. However, resulthis algorithm will be rough like our

terrain.

For each intersection area, you will find bordees in the grid definition of the height
map. Mathematically, you will find maximum and mimam grid lines which are the most
closest to the intersection area in both verticed &orizontal dimensions of the grid.
These will be the boundaries and you will just demll elevation values inside these
boundaries to a ground value (0 for our formatrdgdin).



Building

o Tree
Compulsory Components: Main Body, Doc "Compulsory Components: Main body, Upd
Windows
body
Street Light L ocomotive

Compulsory Components: Pillar, Lamp

Compulsory Components: Main Body,
Chimney, Wheels, Windows

Goods Wagon
Compulsory Components: Main Body,
Wheels

Passenger Wagon
Compulsory Components: Main Body,
Wheels, Door, Windows

Note: The above images are rendered with a simple gléght. Actual illumination
implementation for this project is in the next phabut if you want to have better looking
objects, you may define a simple global light & fhase.
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PHASE 3: The Crazy Machinist (Due Date: 04.01.2008)

In The Crazy Machinist Phase, you will implemenisoadvanced
graphics methods in order to enrich your envirortmeith more

realistic features.

The following specifications must be implementedTine Crazy
Machinist Phase of your project:

In this phase you will implement texture mappingotatain a
realistic looking world. You will be using texturaapping for
two different goals; texturing the wagons and dngptthe
skybox.

The first goal is to texture a wagon (passengerowayy goods wagon).

- To use this functionality, the user must be atwaék-through mode in the mobile
camera view and the animation must be stopped.

- The user will select/pick a surface on the wagor8ih This surface may be
member of one of the listed compulsory componehth® wagon; main body,
door, window.

- The user will select a texture. For this purpose, gan provide a list of textures or
you can provide a mechanism to enter a texture ndmaeis available in a
previously specified directory.

- The selected texture will be mapped onto the sedestirface.

The second goal is to create a skybox. A skybax gde texture mapping, a cube or a
sphere, that surrounds the entire world, and isp@dg@t infinitely far distances. Wherever
the camera looks at, it sees the texture, whichtesethe illusion that there’s the sky
above. Note that the skybox will look realistic yifl the texture is mapped to infinitely
far distances, so that nothing can ever reachkpels the below figure you can see an
example skybox and its mapping onto a cube.

" , pitch=90
bk & rt ft

-

head=270, pitch=0  head=0, plich=0 head=20, plich=0  head=180, pitch=0

<—— must match ur;

head=0, I'n:h-.BL'r

As stated in the general issues title, you haveoreserve all the capabilities of the
previous phases in this phase. For example, a ehdnag has been done in 2D view of
Phase 1 must still be reflected to other viewsatsame time.

In this phase, the user must be able to changesttie of the switches in 3D. This
functionality will be accomplished at the walk-tbhgh mode in the mobile camera view.



* In many modern graphics applications, objects epeasented by complex models which
have been created in 3D modeling tools. In thissphapart from the objects that you
have used in the previous phases, you will alsadiding some objects with complex
models. In this project, we will name such objextsxira objects.

- For this purpose 3ds format will be used. In orteload and render objects that
are stored in this format, you will be providedeasion of Object3DS library.

- You will also be provided some sample .3ds objectiefs. If you wish, you are
free to use any other .3ds objects that you fintherinternet at your own risk.

- To use this functionality, the user must be atwhaék-through mode in the mobile
camera view and the animation must be stopped.

- The user will choose an extra object and the objeitit be added to the
environment. For this purpose, you can providesedf extra objects or you can
provide a mechanism to enter the model name okta ebject that is available in
a previously specified directory.

- The user can select a previously added extra oinjei.
- The user can translate, rotate or scale a selexteal object.

* lllumination can be considered to be one of thetnedfective components for realistic
rendering in graphics applications. In this phase; will illuminate a few light sources,
which will give you a more realistic looking envinment. There will be three types of
light sources:

- The Sun: A light source placed infinitely away frahe world. The user must be
able to turn on and off this source, which simdatght and day.

- The Street Lights: They will be turned on automaicat night. The user must
also have the option of turning all the streettiigbn or off at once.

- The Train: It will have its own light placed at tfrent of the locomotive, moving
with it. Once more, this light will be on by defaalt night, and the user must be
able to turn it on or off.

* In order to achieve successful illumination, rememthat you have to define normals for
surfaces in your objects.
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APPENDIX:

a) Libraries
During this project you may need the following neises about
libraries that you will use:

OpenGL.:

The Red Book (The OpenGL Programming Guide)

main pagehttp://www.opengl.org/documentation/red _book/
html version:http://www.glprogramming.com/red/

The Blue Book (The OpenGL Reference Manual)
main pagehttp://www.opengl.org/documentation/blue_book/
html version:http://www.glprogramming.com/blue/

GLUT:
API can be found at:
http://www.opengl.org/resources/libraries/glut/splspec3.html

GLUI:
Main page of GLUI: (a manual including API is prded in this webpage)
http://glui.sourceforge.net/

Object3DS:

In fact, this is not complex library, but a wrappsass. It provides the ability to load and
render “*.3ds” files. 3ds is a widely accepted fatnfor using 3D models in computer
graphics applications.

You can find more information about Object3DS in:
http://ironduke.cs.gsu.edu/gso classes/OpenGLiaffdls.html

API:

http://ironduke.cs.gsu.edu/gso classes/OpenGLiafreilerence.html

You will be provided an appropriate version of GIgDS by your assistants.



b) L-Systemsand Turtle Graphics

“An L-system or Lindenmayer system is a formal gnaamn (a set of rules and symbols) most
famously used to model the growth processes ot plevelopment, but also able to model the
morphology of a variety of organisms. L-systems a#so be used to generate self-similar
fractals such as iterated function systems” [1]

L-systems produce strings which then need to bengaaally/graphically interpreted in
order to create graphical images. An example sisr§+F-F-F+F+F+F-F-F+F-F+F-F-F+F-
F+F-F-F+F+F+F-F-F+F” and the image created froms 8iring is given in the below figure
on the left (a). [1]
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For such interpretation, one of the most commonhous is the turtle graphics. Turtle
graphics translates each symbol on the input stfdejined by L-system) to a drawing
command for the display. Actually that is like asar; moving, turning and performing some
drawing in your display (that's why they call ituxtle).

In this project we will be using our own variatiafi L-systems and turtle graphics. The
related symbology is given in the below table:

Symbol Turtle Graphic I nterpretation in this project
t Move forward a distance L while drawing a track
+ Turn left (counterclockwise) by angle®15

Turn right (clockwise) by angle -15

[ Create a switch and start a branch
Push the current matrix to stack

] End the branch

e

Pop top of the stack and make it current matrix
End of L-system string




By using this symbology you will save and load ta#road definition for this project in a file
named as railroad.txt. For this purpose, we willustng a common file format which is
explained below:

* On asingle line, two numbers separated by a blepiesenting x and y coordinates of the
initial track of the railroad

* On asingle line, a string representing the L-systiefinition for the saved railroad.

* On n lines, n user defined connection definitioeach represented by two integers of
track IDs.

Track ID is the order of each track (‘t" in our sSyalogy) starting from O in the string
representing the railroad. The following tablesthates the track IDs:

Sring [t[t]+]t[t[t]-Jt[t[+]t[+]t][[[t]1[+[t]e

TrackID| O] 1 2| 3| 4 g @ 7 3 2] 10

We will be providing sample railroad definitiondd for you and we can also try our own
railroad definitions in your programs, during thentbnstrations.

Syntactic Notes on symbology:

» There can be only one ‘e’ in the string.

 There can be only 1 consecutive element from thg+se-}. (e.g. ‘t+-t" is not a valid
string)

» There can be only 1 consecutive element from thf,s@. (e.g. t[[t]t]t is not valid)
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